Objective: To evaluate the wound healing activity of the leaf extracts and deoxyelephantopin isolated from Elephantopus scaber Linn. Materials and Methods: The effect of aqueous ethanol extracts and the isolated compound deoxyelephantopin from E. scaber Linn. (Asteraceae) was evaluated on excision, incision, and dead space wound models in rats. The wound-healing activity was assessed by the rate of wound contraction, period of epithelialization, skin-breaking strength, weight of the granulation tissue, and collagen content. Histological study of the granulation tissue was carried out to know the extent of collagen formation in the wound tissue. Results: The ethanol extract and the isolated constituent deoxyelephantopin of E. scaber promoted wound-healing activity in all the three wound models. Significant (P<0.01) increase in the rate of wound contraction on day 16 (98.8%, P<0.01), skin-breaking strength (412 g, P<0.01), and weight of the granulation tissue on day 10 (74 mg/100 g, P<0.01) were observed with deoxyelephantopin-treated animals. In ethanol extract-treated animals, the rate of wound contraction on day 16, skin-breaking strength, and weight of the granulation tissue on day 10 (P<0.01) were 92.4%, 380 g, and 61.67 mg/100 g, respectively. Histological studies of the granulation tissue also evidenced the healing process by the presence of a lesser number of chronic inflammatory cells, lesser edema, and increased collagenation than the control. Conclusion: The wound-healing activity was more significant in deoxyelephantopin-treated animals.
Introduction
Elephantopus scaber Linn. (Asteraceae) is a scabrescent aromatic herb distributed in the moist deciduous forests of the central Western Ghats. The plant is popularly known as Elephant's foot (English), Gojivha (Sanskrit), Eddumalikechettu (Telugu), and Nayi nalige (Kannada). In the Indian system of medicine, the medicinal attribution of this species has been known for a long time. As per the traditional claims, the roots were used as an antipyretic, cardiotonic, and diuretic. [1] Decoction of the roots and leaves is used as emollient and given in dysuria, diarrhea, dysentery, and in stomach pain. [2] The aqueous extract of leaves is applied externally to treat eczema and ulcers. [3] The whole plant is macerated and applied on the wound surface [4] to promote wound healing. Phytochemically the plant has been reported to contain sesquiterpene lactones deoxyelephantopin, isodeoxyelephantopin, and scabertopin. [5] It also contains epifriedelinol, W W W W Wound healing activity of the leaf extracts and ound healing activity of the leaf extracts and ound healing activity of the leaf extracts and ound healing activity of the leaf extracts and ound healing activity of the leaf extracts and deoxyelephantopin isolated from deoxyelephantopin isolated from deoxyelephantopin isolated from deoxyelephantopin isolated from deoxyelephantopin isolated from Elephantopus scaber Elephantopus scaber Elephantopus scaber Elephantopus scaber Elephantopus scaber Linn. Linn. Linn. Linn. Linn.
lupeol, and stigmasterol. [6] The pharmacological properties of the leaf extracts have been evaluated for diuretic, [7] antiinflammatory, [8] and hepatoprotective properties. [9] Many sesquiterpene lactones isolated from the Asteraceae members possess antibacterial properties and were used for treating wounds and ulcers. [10] The constituent deoxyelephantopin possesses alpha-methylene gamma lactone moiety, which has an antiulcerogenic activity.
[11] The wound-healing properties of this Asteraceae member has not been scientifically evaluated so far. Hence, the present work was undertaken to evaluate the effect of aqueous, ethanol extracts of E. scaber and the isolated compound deoxyelephantopin on excision, incision and dead space wound models in rats.
Materials and Methods
Extraction of active constituent The aerial parts of E. scaber were collected from the Joldhal forest ranges of the Western Ghats, Karnataka. The taxonomic identity was confirmed by comparing with the authenticated herbarium specimen (FDD No. 49) at Kuvempu University Herbaria, [12] Shankaraghatta, Karnataka. The material was shade dried, powdered mechanically, and sieved by using a mesh (size no. 10/44). In the preparation of aqueous extract, 500 g of powdered material was pulverized and extracted with 1/10 w/v of distilled water. The decoction was filtered and the water content was removed under reduced pressure using a rotary flash evaporator, the yield was 5%.
For ethanol extract, powdered material was refluxed with 95% ethyl alcohol in a soxhlet apparatus (Perfit, Mumbai) for 24 h in different batches of 250 g each. The resulting extract was filtered, pooled, and the solvent removed under reduced pressure at 40±5 °C using a rotary flash evaporator.
Isolation of deoxyelephantopin was carried out according to the method of Paul Pui-Hay But et al. [5] The residue obtained from the ethanol extract was partitioned between water and chloroform (1:2). The chloroform layer was separated and concentrated on a water bath to obtain dark green syrup. The chloroform extract was then partitioned between hexane and 10% aqueous methanol (2:1). The lower, aqueous methanol extract was separated and repeatedly washed with hexane three to four times and was evaporated to dryness. The residue was chromatographed on a silica gel column and eluted successively using hexane and ethyl acetate in varying ratios of 1:1, 1:2 and 1:4. The eluted fractions were collected at intervals of 5 ml each and were monitored by thin layer chromatography and grouped into seven fractions. Fraction seven was recrystallized from chloroform-hexane to get a compound of fine needle crystals. The chemical identity of the compound was ascertained by analytical and spectroscopic methods. [5] Drug formulations Two types of drug formulations were prepared from each of the extracts and the isolated compound. For topical administration, 5 g each of the aqueous and ethanol extracts were separately incorporated with 100 g of 2% sodium alginate to get 5% w/w gel. Similarly, 100 mg of deoxyelephantopin was incorporated with 50 g of 2% sodium alginate (w/w) to get a 0.2% gel.
For oral administration, suspensions of 30 mg/ml of each of the aqueous and ethanol extracts and 4 mg/ml of the isolated compound deoxyelephantopin were incorporated with 1% w/v gum tragacanth. The drug formulations were prepared every fourth day. The drugs were administered orally by a feeding tube.
Animals Swiss Wistar strain rats of either sex weighing 150-200 g were procured from the central animal house, National College of Pharmacy, Shimoga, Karnataka and were maintained at standard housing conditions. The animals were fed with a commercial diet (Hindustan Lever Ltd., Bangalore) and water ad libitum during the experiment. The Institutional Ethical Committee (Reg. No. 144/1999/CPCSEA/SMG) permitted the study.
The 'staircase' method [13] was adopted for the determination of acute toxicity. Healthy albino mice of either sex weighing 20-25 g of 90 days were used to determine the safer dose. Gum tragacanth (1% w/v) was used as a vehicle to suspend the various extracts and the isolated constituent. The extracts and constituent were administered orally.
Evaluation of wound healing activity For the assessment of the wound-healing activity, excision, incision, and dead space wound models were used.
Five groups, each containing six animals, were used for each of the excision and incision wound models. Fifty milligrams of the formulated drugs was applied topically for each animal once a day. The Group I animals were considered as control and were treated by topical applications of the vehicle, 2% w/w tragacanth. The Group II animals served as reference standard and were treated with 0.2% w/w nitrofurazone [14] ointment. The Groups III and IV animals were treated with aqueous and ethanol extracts, respectively. The Group V animals were treated by topical application of the isolated compound deoxyelephantopin.
For dead space model, the test groups were administered the aqueous/ethanol extract (300 mg/kg, b.w.) or the compound deoxyelephantopin (4 mg/kg, b.w.). Reference standard was not tested.
The animals were anesthetized as described by Morton and Malone [15] under light ether anesthesia. The skin of the impressed area was excised to full thickness to obtain a wound area of about 500 mm In the incision model, [16] the rats were anesthetized by anesthetic ether and two longitudinal paravertebral incisions of 6 cm length were made through the skin and cutaneous muscle at a distance of about 1.5 cm from the midline on each side of the depilated back. After the incision, the parted skin was sutured 1 cm apart using a surgical thread (No. 000) and curved needle (No. 11). The wounds were left undressed. The drugs were topically applied to the wound once a day, till complete healing. The sutures were removed on eighth postwound day. The skin-breaking strength of the 10-day-old wounds was measured by the method of Lee. [17] Dead space wounds were created under light ether anesthesia, by subcutaneous implantation of sterilized cylindrical grass piths (2.5 x 0.3 cm) in the region of the groin, on both sides. The granulation tissues formed around the grass pith were harvested on the tenth day postwounding and subjected to breaking strength and histological study.
For histological studies, granulation tissues were fixed in 10% neutral formalin solution for 24 h and dehydrated with a sequence of ethanol-xylene series of solutions.
[18] The materials were infiltered and embedded with paraffin (40-60 °C). Microtome sections were taken at 10 µ thickness. The sections were processed in alcohol-xylene series and stained with hemotoxylin-eosin dye. The histological changes were observed under a microscope.
The results of these experiments are expressed as mean±SEM of six animals in each group. The data were statistically evaluated by one-way ANOVA followed by Tukey's pair-wise comparison test. The values of P<0.01 were considered as statistically significant.
Results
The Sesquiterpene lactone isolated from E. scaber showed the following spectral characteristics. Based on the data, the molecular formula of the compound was found to be C 19 H 20 O 6 and identified as deoxyelephantopin [ Figure 1 ] similar to the report of Paul Pui-Hay But et al. [5] Toxicity studies revealed that the maximum tolerated dose for the aqueous and ethanol extracts of E. scaber was 3 g/kg, b.w. and for the isolated compound deoxyelephantopin it was 40 mg/kg, b.w. Therefore, 1/10 of these doses (300 mg/kg, b.w. of aqueous or ethanol extract and 4 mg/kg, b.w. of the compound) were selected for the topical evaluation of woundhealing efficacy.
In all the models studied, significant wound-healing activity was observed with deoxyelephantopin comparable to that of the reference standard nitrofurazone. In both these groups, percentage closure of excision wound area was 98.8±0.35 and 100, respectively. Complete epithelialization was noticed on the 14th day as shown in Table 1 . In ethanol-treated animals, the percentage of wound closure was 92.4±0.64, while in aqueous extract it was reduced to 89.8±0.60 and the period of complete epithelialization was delayed by three days.
In the incision wound model the animals treated with the topical application of aqueous and ethanol extracts have shown more or less same skin-breaking strength (346.0±6.51 and 380.0±8.56). In deoxyelephantopin-treated animals skinbreaking strength was significantly increased to 412.0±11.37 and it was less in control animals (298.6±8.48) as depicted in the Table 2 .
In dead space wound model also significant increase in weight of the granulation tissue (74.0±1.29), and breaking Values are mean ± SE; n = 6 in each group. df = 4, 25; *P <0.05, **P <0.01 as compared to control. collagen formation [ Figure 2b and 2c] and less macrophages. Whereas, in the aqueous extract-treated animals the healing activity was comparatively lesser with moderate collagenation and retention of the macrophages.
Discussion
Wound healing is a process by which a damaged tissue is restored as closely as possible to its normal state and wound contraction is the process of shrinkage of area of the wound. It depends upon the reparative abilities of the tissue, type and extent of the damage and general state of the health of the tissue. The granulation tissue of the wound is primarily composed of fibroblast, collagen, edema, and small new blood vessels. The undifferentiated mesenchymal cells of the wound margin modulate themselves into fibroblast, which start migrating into the wound gap along with the fibrin strands. The collagen is the major component of extra cellular tissue, which gives support and strength and is composed of amino acid (Hydroxyproline).
In the present investigation the ethanol extract and the isolated constituent sesquiterpene lactone -deoxyelephantopin promotes significant wound-healing activity by increasing cellular proliferation, formation of granulation tissue, synthesis of collagen and by increase in the rate of wound contraction as compared to the control animals. The earlier investigators reported the antibacterial, [19] antifungal, [20] and antioxidant [21] properties of related sesquiterpene lactones isolated from Asteraceae members. It was also reported that, the compounds possessing alpha methylene lactone in their structure (Asteraceae) were used to treat wounds and ulcers. [10] The wound-healing property of deoxyelephantopin may be due to the presence of active moiety, alpha methylene gamma lactone.
Similar types of wound-healing activity were reported on Merremia tridentate, [22] Diospyros cordifolia, [23] and Bryophyllum pinnatum. [24] The results of this investigation provide pharmacological evidence on the folkloric use of E. scaber for wound healing.
